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ABSTRACT

Today emission inventories are one of the key campts of air quality
management. For instance, inventories are suppofoirz the modelling of atmospheric
pollutants; the process of compliance verificattdmational emission obligations; and the
establishment of baseline scenarios for the dewedmp and monitoring of the policies and
measures. Therefore, emission inventories shoulddéeloped accordingly to high
reliable standards and should be validated usipgogpiate methodologies, guaranteeing
that they appropriately may be used to predictja&lity when coupled to models.

In Europe, one of the main goals of national ingeies has been to verify that
countries are complying with their internationalmooitments at national level, such as
those set by UNFCCC and the Kyoto Protocol; CLRTaxd UE-NEC Directive; and the
Stockholm Convention. In Portugal, efforts wereoalleen made to integrate the total
emission estimates at national level, with estimatade for a detailed level of spatial
allocation of emissions, and using a suitable teaptisaggregation of emissions. In order
to conclude for the best disaggregation level tauseed to the Portuguese national system,
an air quality modelling system was used to testagbral emission inventories resolution
schemes available for Portugal (INERPA, EMEP and’ OS) and further disaggregation
schema at sub-municipal level. Evaluations wereedging the CHIMERE model, forced
by the MM5 meteorological fields, over the Portuggielomain. Results from this exercise
show the existence of discrepancies between diffeisaggregation instances for
emission inventories. Different temporal profilesre also tested, indicating that there this
has strong influence on results, and confirming tha use of average European profiles
may not be appropriate at national nor regionatllev

The results of this analysis lead to the improvemm@nemission inventories in
Portugal and the quality of results from air quafitodels.

INTRODUCTION

Inventories of air emissions, providing estimates émissions by sources and
removals by sinks, are one of the vital componehtfie environmental decision-making
process that must be used to improve air qualigyirfy§ how much pollutants or green-
house gases are emitted, when and how, is delyeriarmation suitable to:



- Verify the compliance of national and internatioabligations. Presently this is
one very relevant application of the inventoriegseg the various submissions
with which countries are usually involved: (1) CLRH, the Convention on
Long-Range Trans-boundary Air Pollution; (2) the ROCC, the United
Nations Framework Convention on Climate Change isdubsidiary Kyoto
Protocol; (3) the Stockholm Convention on Persis@mganic Pollutants (POP)
and the Directive of National Ceilings of the Eugap Union (EU);

- Atmospheric modelling of pollutant dispersal andoaigtion, including air
guality assessment;

- Establishment of baseline scenarios for the idieatibn and definition of
policies and measures.

Hence, emission inventories must be as accurapssble in order to provide a
solid base for air quality decision-making. They salso be complete, covering all
emissions. In the case of air quality modellinge tiefinition of appropriate spatial
allocation of emissions and time variation patteissalso a fundamental factor.
Notwithstanding these principles, the air qualitgdalling community is generally faced
with considerable uncertainties in the emissioremuries used for modelling, and these
are responsible for part of the errors in the madsults. This situation is of very
significant relevance, because these deficienci#se reflected in the wrong choice of
policies and measures and, in last instance, imsase of resources.

Looking to this situation in a different angle, thealysis of the use of certain
inventory instances in combination with air qualtyodels, may be very helpful to
diagnose the uncertainties on emission estimates.

In Portugal the National Inventory, referenced &ERPA, is under the
responsibility of the Portuguese Agency for the iEotvvment Agéncia Portuguesa do
Ambiente APA). APA is in charge of the annual national ssion inventory, which is sent
to the UNFCCC, to the UN-ECE and to the EuropearnotnEU) according to
international commitments. The obligations undefRCAP require Portugal, like other
parties to that convention, to submit estimatescatied spatially and using a large grid
(50x50 km), suitable for an European scale. Besiisr being routinely asked to deliver
spatial data for national requirements, namelyréogiest of information for the Evaluation
of Impacts in the Environment, APA has decided todpce a spatial disaggregation of
emissions at more detail, i.e. municipal lév&ince late 2005 efforts have been made,
jointly by APA and Universidade de AveirqUA), with the objective to analyse the
national inventory (INERPA), and possibly improvehrough the development of a better
emission model with a more suitable spatial allmrabf emissions and the development
of a suitable temporal disaggregation of emissjmerssector. Apart from the information
available at national level, other sources of inggnestimates and disaggregation are
available in Europe for Portugal, like EME&nd LOTOS.

Therefore, the main goal set in this paper wastdwwhat differences in accuracy
result from the different disaggregation schemaniiying the key factors of uncertainty
and, finally, trying to conclude ways to improveetliPortuguese inventory and the
advantage it may provide, together with air models.



BODY
M ethodology

Air quality modelling applications were performeding the MM5-CHIMERE
modelling systeif) over mainland Portugal, with a 10 x 10%gnid. The simulations were
carried out using meteorological information dada the summer of 2004 (1 June - 31
September), regarding gaseous and particulate taolki Comparative testing was
performed for different available emission invegtdrsaggregations (INERPA, EMEP and
LOTOS).

A brief description of the modelling system, togsttwith the each emission
inventories and the respective modelling applicaigopresented in the following chapters.

The modélling system

The air quality modelling system is composed by ¢hemistry-transport model
CHIMERE, forced by the MM5 meteorological fiefds

CHIMERE, the 3D chemistry transport model, basedtlm integration of the
continuity equation, was developed specifically ioe simulation of gas-phase chemistry,
aerosol formation, transport and deposition at geam and urban scales. CHIMERE has
been used extensively in several research appligatiincluding: sensitivity studies
concerning anthropogenic or biogenic emissiénemission diagnostiés and photo-
oxidant forecasting over Europe and the Paris régithis modelling system has been also
used for real-time air quality forecasting over tegaf. The model version that was used
in this work was originally described in Schmidtagt (2001}° while further updates that
were applied especially to smaller-scale versions

Meteorological input variables given by the MM5 mbdare: 3D fields of
horizontal wind, temperature, specific humidityoud liquid water content, and 2D fields
of surface pressure, heat fluxes, 2 m temperatndecéoud cover. They were linearly
interpolated to the CHIMERE grid. Linear time ingelation was also used to obtain
hourly values.

Besides meteorological input data, CHIMERE modedunes definition of
boundary and initial conditions, emission data a@& land-use and topography
characterization.

Figure 1 presents a simplified scheme of the MM3/IERE modelling system
and its inputs/outputs.



Figure 1. The MM5-CHIMERE air quality modelling system
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Emission Inventoriesin Portugal

The Portuguese Agency for the Environment has bessponsible for the
elaboration of the national inventory (INERPA)relying on activity provided by several
official institutions, according to the legal binds institutionalised by the National
System. In that sense, emission values from theseniories are considered official data
and are used to verify the accomplishment of iteonal obligations such as:

(1) UN-ECE’'s Convention on Long-Range Trans-boupdair Pollution
(CLRTAP) is preoccupied with several atmospheridupants such as SONOy, VOC,
NHs;, POP and Heavy Metals, and provides informatiortfe EMEP model;

(2) UNFCCC, the United Nations Framework ConvenoonClimate Change and
its subsidiary Kyoto Protocol, dealing with all maltions that developed countries are
committed to tackle global warming, is one of thestnsalient international forum in what
concerns the environment. It is related with carbmxide (CQ), Methane (CH), Nitroux
Oxide (NO) and fluoride gases not covered by the Montreatdeol (PFCs, HFCs and
Sk);

(3) Stockholm Convention on Persistent Organiclukarits (POP), concerning
unintentional emissions such as Dioxins and Furans;

(4) the European Union’s National Ceilings Direetivconcerning SO NO,
NMVOCs and NH.



At European level other obligations require the pdation of emission data, but
these refer mostly to individual units. These dre targe Combustion Plants Directive
(LCPD), the European Carbon Trading Scheme (EU-ER8)the EPER/E-PRTR.

Of all international obligations only CRLTAP reqtesubmission of data with
spatially disaggregated, requiring emissions esésto be provided at 50x50 km grid and
individual emissions to be provided to Large P@ources. However, following frequent
requests by teams involved in Environmental Impesessment studies, APA has decided
in 2006 to elaborate detailed disaggregation ogsimns. Accordingly, total emissions per
source category were allocated to small territouiaits (municipalities) using surrogate
indicators such as fuel sales, human populationg@#tural area and livestock population.

The EMEP emission inventory that was used was wétaihrough the interactive
EXPERT database available via Internet, last upbdateJune 2006. EMEP provides
emission estimates for total emissions as wellada tr each specific sector. The gridded
emissions that are provided at a regular grid aogeall Europe (0.5° x 0.5° long-lat),
include partial substitution of national data mdethe EMEP Centres (Meteorological
Synthesizing Centres - West and East).

The LOTOS emission inventory results from a comiiamaof the TNO emission
database (with high resolution: 0.25° x 0.125° {&aty and the CAFE baseline emissions
for 2000. For each source category and each cquititey country totals of the TNO
emission database are scaled to those of the CABE&libe emissions. PM emissions for
2000 are assumed to result from CEPMEIP projeatg for 1995), considering that the
uncertainty in the emission estimate is much latgan the trend in the PM emissions.
This database does not specify the compositiomefeimitted particles. Therefore, black
carbon emissions were derived from the primary PIM2nissions and it was assume 2 per
cent of the S@emissions to be emitted as particulate sulphate.

All these emission inventories refer the same patits species: NOx, VOC, $0
NHs;, CO, PM2.5 and PM10. Large point source emissigr® not included in modelling
applications, because not all the inventories iratesgl in this study had data individualized
for these units.

Figure 2 shows, as an example, NOx emission data foad transport provided by
each available emission inventory.



Figure 2. Spatial distribution of NOx emissions from roadgport for the three available
inventories (INERPA, LOTOS and EMEP).
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Spatial disaggregation was applied for each inwgngeparately, applying an
interpolation method and GIS software to the oaginventory grid in order to obtain a
regular grid of 10 x 10 kfnaccording to the simulation domain resolution.

Concerning the INERPA inventory, two different l&v@f spatial disaggregation
were considered: the municipality, available in trgginal spatialisation, and the sub-
municipality. This last one was obtained by furtkésaggregating the municipality level
by population (census) data (see Figure 3).



Figure 3. Spatial distribution of NOx emissions (2003 ydaon road transport at

municipality scale (a) and at sub-municipality scgdarish level) (b).
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In all situations a common methodoldgwas used to calculate biogenic emissions
with the CHIMERE model.

Two different hourly profiles were applied to thead transport emissions within
the INERPA inventory simulation: a European avedageofile and an urban hourly
profile obtained in field measurements made in iRyat The European was obtained by
application of monthly, weekly and hourly profilé®m the University of Stuttgdrt A
road traffic urban hourly profile measured in ddieampaign in Portugal in the scope of
the SAPPHIRE European Project (EVK4-2002-00089) alss tested.

Figure 8. Comparison of the European and Portuguese roaspwanhourly profiles, for
weekdays and weekend.
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Description of Simulations

The model was applied first to the european contalescale, using the 50x50 km
resolution, and then in detail to Portugal, as shewFigure 4, using the same physics and
a simple one-way technique. The second simulaiamt(gal domain) was performed with
a horizontal domain of 290 km x 580 km and a 10Hamnzontal resolution, the vertical
grid consisting of 6 hybrid sigma-pressure layerhva model top at 700 hPa. The top
altitudes of the layers evolve in time, but thgipeoximate values are, from bottom to top:
50, 250, 600, 1200, 2000 and 3000 m. Lateral apdottundaries for the large-scale run
are obtained by the GOCART climatological mddel

Using the same large-scale simulation (with EMEPissimns) as boundary
conditions, several applications were performedthier Portugal scale in order to test the
different emission inventories with their distinspatial disaggregation, and also the
temporal profiles used for time disaggregation.

Figure 4. European and Portuguese domains used by theditygmodelling system.
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In order to be used by numerical models, emissata ffom the three sources had
to be converted to a regular grid according togbatial resolution defined. This process
was performed using the “Kriging” method and Gepgieal Information Systems. Figure
6 shows the result of this interpolation process e obtained grid (with 10x10 Kijnfor
the PMo emissions for the three inventories (INERPA, ENVdtid LOTOS).



Figure 6. Example of the P emissions grid conversion (10x10 Rrfor the three
available inventories (INERPA, LOTOS and EMEP),as=ary for model simulation.
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Results and Discussion

Comparison of Total Emissions

In Figure 5a it is presented for each pollutant ¢benparison between the total
emission values (sum of all area emission sourteitss) estimated by each inventory,
considering only mainland Portugal area. The madjffierences were obtained for the
LOTOS database, which estimates are significatlyel than those referring to EMEP
and INERPA (20-30 per cent), mainly regarding PMssians (these differences reach 50
per cent). The similarity between the EMEP and IIRBRotals was expected, given that
EMEP results from INERPA, with small correctionsdarevisions made by MSC-W
experts over the officially national data. Indivedwanalysis by sector activity shows that
the major discrepancies between inventories arnsteggd for road transport (more than 30
per cent), as shown as example in Figure 5b.



Figure 5. Comparison of the total (a) and road transpore(hissions for each inventory,
by pollutant specie.
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M odelling results

Results from modelling were compared to monitortaga available from the air
quality networks, which comprehends 39 stations@er(22 background and 11 traffic)
and 31 stations for PM (12 background and 14 traffic). These stationd@sated mainly
in the urban area of Porto and Lisbon, with a favalrstations outside these areas (Figure
7).



Figure 7. Spatial location of the air quality monitoring stais (background, industrial and
traffic) used for model validation, fors@&nd PM10.
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Before testing of emissions inventories, a sengjtitest to the spatial
disaggregation of INERPA national inventory, usthg original municipality values and
its disaggregation to sub-municipality degree wasfggmed. The statistical analysis is
presented in Table 1, for background stations, lwlaiee more representative of the used
model grid (10 x 10 kR). Concerning @ the Root Mean Square Error (RMSE) and the
systematic error (BIAS) analysis suggests thafuhéer spatial disaggregation performed
introduced more errors to the emission inventogsaly in what concerns urban area
where the RMSE and BIAS differences are bigger.tnother hand, regarding R
there are no significant differences between resfittm both inventories. The BIAS
analysis indicates that when the sub-municipalpgtigl disaggregation is applied, the
rural and suburban PM emissions decrease, in dppo$o the increase in urban areas
(where more population exists).

Since there is an overall tendency for emissiorgerestimation (bias negative), it
is expectable that model performance could be mtiuc rural areas and improved in
urban zones, when the INERPA disaggregated invgmarsed.



Table 1. Validation of CHIMERE simulations, using differespatial disaggregation of
INERPA inventory, and considering the average ahdaackground station type.

Os (Hg.n) PMyc (11g.nT)
Station RMSE BIAS RMSE BIAS
zone | INERPA INERPA INERPA INERPA |INERPA INERPA INERPA INERPA

disaggregated original disaggregatedoriginal |disaggregatedoriginal disaggregated original

Rural 28.88 2532  -13.24 -9.58 16.81 1671  -1313  13.01
Suburba 33.12 29.00  -12.70 -8.93 | 34.85 3715  -9.82 -8.80
Urban T 37.26 24.71  -23.19 -4.70 25.54 25.84  -7.15 .31-8

bias = 03" (M -0) N is the number of samples, Oi are observationsharae
RMSE - U3|(M,~0) model predictions

Tables 2 and 3 show the statistical parametersingotafor the three emission
inventory simulations, for ©and PMo, respectively.

For both pollutants, there are no significant dipencies between the RMSE
values for each inventory application, indicatirgatt higher resolution in the emission
inventory do not necessarily result in better mgugformance.

The negative values of BIAS suggest that there nsoaerall tendency for
underestimation of ozone precursors and PM emissionfact, the more negative bias is
attributed, in both Tables, to the LOTOS inventthat presents the lower emission values
(see Figure 1), in opposition to INERPA that shdtes higher emissions for NOVOC,
and PM, and consequently inferior bias. Nevertlselesgarding Pl results, there is a
particular overestimation over Porto region (LEQN N ERM stations) when the INERPA
(original) inventory is used. Moreover, for thisrpeular area, the absolute errors are also
higher and the correlation coefficient lower congteely to the others emissions
inventory, indicating spatial disaggregation protde

The similar correlation factor (CF) found for thede applications, and regarding
O; and PMo results, can be explained by the same temporadséoni disaggregation
(seasonal, diurnal and hourly) applied to each ahinwentory.



Table 2. Statistical parameters obtained for each simulatammO; background stations.

RMSE (ug.n) BIAS (ug.ni) CF (correlation factor)
Zone Long Lat Station EMEP LOTOS INERPA* EMEP LOTOS INERPA* MEP LOTOS INERPA*
Rural -8.6 40.8AVA 25.57 29.99 24.13 -7.91 -12.49 -6.04 0.81 0.79 0.82
Rural -8.5 39.3CHA 31.77 33.72 30.22 -15.4 -19.71 -14.3 0.65 0.67 0.69
Rural -8.9 39.9ERV 18.4 19.48 18.4 2.84 1.43 2.08 0.76 0.73 0.76
Rural -7.3 40.2FUN 28.01 29.63 28.54 -19.52 -21.61 -20.06 0.64 0.63 0.63
Suburban -8.5 41.3CAL 23.11 23.81 24.45 -10.32 -10.92 -11.93 0.86 0.87 0.86
Suburban -8.7 40.6ILH 20.12 21.57 20.19 1.49 -1.12 1.52 0.8 0.78 0.79
Suburban 9.1 38.6PP 25.24 23.7 25.81 -8.57 -8.35 -0.48 0.73 0.77 0.72
Suburban -8.6 41.3VNT 24.58 25.19 25.72 5.55 7.18 -2.91 0.66 0.66 0.6
Urban -8.9 38.5ARC 24.42 22.4 26.18 2.52 -3.57 2.65 0.68 0.69 0.65
Urban 9.1 38.7BEA 21.82 21.17 231 -2.42 -0.3 2.99 0.72 0.73 0.72
Urban -8.5 41.2ERM 24.99 24.53 26.24 -3.59 0.94 -7.1 0.75 0.78 0.74
Urban -8.4 40.2IGEO 22.86 26.18 22.47 -8.79 -12.61 -8.53 0.8 0.78 0.81
Urban -9.2 38.7LAR 23.09 22.01 23.67 -5.56 -1.12 1.15 0.7 0.71 0.7
Urban -8.4 41.3LAT 32.35 34.03 33.45 -20.4 -21.6 -20.98 0.84 0.84 0.83
Urban -9.2 38.8LOU 21.72 23.06 22.78 -2.38 -3.81 -1.43 0.74 0.71 0.71
Urban -9.3 38.7MARQ 22.9 23.34 22.04 -3.53 -0.13 -1.7 0.71 0.69 0.73
Urban -9.3 38.8MEM 19.81 19.88 19.31 -1.19 -0.78 0.08 0.71 0.7 0.73
Urban 9.1 38.80LI 22.75 22.94 24.03 -0.79 -1.86 3.48 0.72 0.73 0.72
Urban -9.2 38.7REB 24.12 23.56 23.52 -7.59 -4.45 -6.06 0.71 0.7 0.71
Urban -9.2 38.7RES 31.23 28.38 28.62 -18.15 -11.47 -15.1 0.64 0.62 0.68
Urban -8.5 41.3STIR 24.86 25.94 25.79 -9.15 -10.13 -10.57 0.87 0.88 0.87
Average 24.46 24.98 24.7 -6.33 -6.5 -5.39 0.74 0.74 0.74

*original

Table 3. Statistical parameters obtained for each simulat@mmPM,, background stations.

RMSE (ug.n) BIAS (ug.ni) CF (correlation factor)

Zone Long Lat Station EMEP LOTOS INERPA* EMEP LOTOS INERPA* MEP LOTOS INERPA*
Rural -7.3 40.2 FUN 20.48 20.65 20.46 -16.11 -16.28 -16.13 560. 0.55 0.58
Suburban -8.5 41.4 CAL 28.29 29.76 26.48 -23.73 -25.28 21.8 0.65 0.65 0.67
Suburban -8.6 41.2 LEC 25.65 23.95 40.23 -21.28 -19.61 33.86 0.79 0.78 0.75
Suburban  -8.7 41.3 VNT 26.12 25.16 33.74 -23.13 -22.15 15.86 0.75 0.75 0.7
Urban -8.6 41.2 ERM 25.82 24.76 38.37 -21.62 -20.53 37.31 0.69 0.69 0.66
Urban -9.2 38.7 LAR 24.9 29.85 18.96 -18.08 -23.62 -9.38 0.65 0.65 0.66
Urban -8.4 41.3 LAT 28.67 29.87 24.19 -24.06 -25.25 -19.05 760. 0.76 0.67
Urban -9.2 38.8 LOU 21.95 26.91 21.68 -16.77 -22.34 -16.3 20.6 0.62 0.63
Urban -9.3 38.7 MARQ 25 28.24 22.85 -18.45 -22.24 -15.16 0.48 0.45 0.48
Urban -9.4 38.8 MEM 15.7 18.15 14.98 -12.51 -15.62 -11.36 80.5 0.62 0.6
Urban -9.1 38.8 (o]N] 20.43 20.43 20.43 -15.18 -15.18 -15.18 860. 0.86 0.86
Urban -9.2 38.8 REB 29.33 34.68 27.29 -20.36 -26.85 -17.35 520. 0.52 0.52
Average 24.36 26.03 25.81 -19.27 -21.25 -4.56 0.66 0.66 0.65

*original

Concerning the 2 hourly profiles that were appliedhe road transport emissions
for the INERPA emission inventory: an European aged profile and a Portuguese urban
hourly profile, Table 4 shows the correlation faciad errors found for each profile model
application. There are no differences found conogrbackground stations, but there is an
improvement in model performance, regarding traffites, when the Portuguese
(measured) road transport profile is used.



Table 4. Validation of CHIMERE simulations, using INERPA intory, with different
Hourly Profiles (HP), considering the average fackpround and traffic stations.

O PMc

Station CF RMSE (ng.th CF RMSE (pg.1m)
zone European Portugal European Portugal Euroopean Portugal European Portugal

HP HP HP HP HP HP HP HP
Background 0. ( 25 0.6 . 27.

74 .74 .93 5.80 6 66 05 7.00
Traffic 0. ( 25 0.6 . 29.

64 .65 .55 5.12 3 66 95 9.48

CONCLUSIONS

Considering the widespread use of air emission nitorges for policymaking,
planning, and research purposes, it is nowaday®or@p to continuously assess the
quality of the inventories, to identify any shomaogs and prioritise for its improvement.
The work presented here intends to perform an atialu of the emission inventories for
Portugal, through a validation procedure usingjaglity modelling. Efforts were done to
identify any weakness and strengths in the invgntord to detect the key sources of
uncertainty that can be targeted for reductioradditional data collection and research.

The evaluation model exercise, comparing resultsnag observed data, shows that
there are no significant discrepancies betweerifeet applications of the three emission
inventories. This similarity, already verified ohet total emission values, proves that
higher resolution in the emission inventory do moean necessarily better model
performance. However, model results for all casdgates that there is an overall general
tendency for emissions underestimation that co@deimphasised by the point sources
omission. This underestimation is more notorioufithe LOTOS inventory, and less with
INERPA, which presents, on average, less systemsatars. Nevertheless, the range of
uncertainty varies with locals and pollutants.

Analysis of results provided further clues for iping emission inventories. It
was found, for instance, that there is a probab&restimation of the INERPA inventory
concerning emissions of particulate matter on Pagdgion, and the use of a less
appropriate spatial disaggregation could be theore#or that situation.

Sensitivity tests with road traffic temporal presl shows that the exact pattern has
a certain influence on the air quality resultswihat concerns traffic and urban stations.
The Portuguese average profile was shown to be app®priate for these specific areas.

The spatial disaggregation performed over the waigiNERPA, performing a
further disaggregation, from municipality to thebsuunicipality level and using
population census data as surrogate variable, stimatsnodel results do not necessarily
improve when higher-resolution emission data is etlped, indicating that spatial
disaggregation of an emission inventory should befopmed carefully, searching for
representative indicators or, otherwise could tbamild be an additional source of
uncertainty.

Planned future work for this project will involvedting this methodology with
other air quality modelling systems and analysiagheemission source category. The



development and assessment of an emission inveatmgmble will also be the focus of
future work.
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